There are currently 13 diseases known to be caused by unstable triplet repeat mutations; however, there are some instances (as with FRAXF and FRA16) when these mutations appear to be asymptomatic. In a search for polymorphic CTG repeats as candidate genes for bipolar disorder, we screened a genomic human chromosome 18-specific library and identified a 1.6 kb clone (7,6A) with a CTG 24 repeat that maps to 18q21.1. The CTG repeat locus, termed CTG18.1, is located within an intron of human SEF2-1, a gene encoding a basic helix-loop-helix DNA binding protein involved in transcriptional regulation. The CTG n repeat is highly polymorphic and very enlarged alleles, consistent with expansions of up to CTG 2100 , were identified. PCR and Southern blot analysis in pedigrees ascertained for a Johns Hopkins University bipolar disorder linkage study and in CEPH reference pedigrees revealed a tripartite distribution of CTG18.1 alleles with stable alleles (CTG 10 -CTG 37 ), moderately enlarged and unstable alleles (CTG 53 -CTG 250 ), and very enlarged, unstable alleles (CTG 800 -CTG 2100 ). Moderately enlarged alleles were not associated with an abnormal phenotype and have a combined enlarged allele frequency of 3% in the CEPH and bipolar populations. Very enlarged alleles, detectable only by Southern blot analysis of genomic digests, have thus far been found in only three individuals from our bipolar pedigrees, and to date, have not been found in any of the CEPH reference pedigrees. These enlarged alleles may arise, at least in part, via somatic mutation.
INTRODUCTION
Loci with unstable, expanding trinucleotide repeats are recognized sites of genetic mutation, particularly in illnesses that show clinical anticipation (1) . At least 13 diseases are known to be caused by unstable expanding triplet repeat mutations. The majority of these are CAG/glutamine repeat diseases-Huntington's disease, spinal and bulbar muscular atrophy, spinocerebellar ataxia (SCA) type 1, SCA2, SCA6, dentatorubral-pallidoluysian atrophy (DRPLA), and Machado-Joseph disease (SCA3)-which are characterized by expansions within coding regions of exons and gain-of-function mechanisms (2, 3) . In myotonic dystrophy and in Fragile X (A and E forms), trinucleotide repeats within 5′ or 3′ untranslated regions of exons expand and interfere with transcriptional processes, resulting in loss-of-function or abnormal RNA processing (3) (4) (5) . By contrast, Friedreich's ataxia is caused by an expanding GAA mutation within an intron, resulting in a loss-of-function mutation. (6) .
Due to the association of trinucleotide repeat expansions with disease, our group (7-9) and others (10) (11) (12) have screened cDNA and genomic libraries for unstable TNR-containing loci. These efforts have successfully led to the identification of disease genes including the DRPLA gene (atrophin1) (7, 9, 13, 14) , SCA2 (15) , and SCA6 (16) . Genomic libraries have also been successfully screened for trinucleotide repeats (12) . This approach has particular value in detecting trinucleotide repeats in untranscribed regions or in the 5′ ends of transcripts that are either absent or under-represented in cDNA libraries.
Trinucleotide repeats are widely dispersed through the genome (9, 17, 18) and polymorphisms containing trinucleotide repeats, as well as di and tetranucleotide repeats, have become the backbone of genetic linkage mapping. The repeat expansion detection (RED) has been used to search for enlarged trinucleotide repeats, particularly in diseases with clinical anticipation. Several investigators have found evidence of an increased number of individuals with longer CTG arrays using the RED technique among affected members of pedigrees ascertained for bipolar disorder and schizophrenia (19) (20) (21) . However, the presence of an abnormally long CTG array identified by the RED technique does not indicate what locus has expanded. There is evidence that in some cases RED may amplify multiple loci and no illness loci have yet been identified with this technique. Moreover, the distribution of normal maximum array sizes vary among *To whom correspondence should be addressed. Tel: +1 410 614 0991; Fax: +1 410 614 1530; Email: mmcinnis@jhu.edu 24 repeat is a CTC 13 repeat. (B) Transcriptional map of 7,6A, human SEF2-1 cDNA, and segment of the mouse SEF2-1 gene. Clone 7,6A shares a 73 bp region of 100% identity with human SEF2-1 cDNA. The region of identity is from 988 to 1061 bp in 7,6A, corresponding to 271-344 bp of SEF2-1 cDNA. Primer set 1a and 1b define the CTG18.1 locus and have a 190 bp product in the clone that spans the stable CTC 13 and polymorphic CTG 24 repeat. The 7,6A sequence from bp 1 to 988 shows 77% identity to intron 3 of the mouse SEF2-1 gene. A CTG rich 54 bp sequence in intron 3 of the mouse SEF2-1 at the position analogous to the CTG 24 repeat of 7,6A is indicated.
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populations with arrays as long as CTG 85 -CTG 92 being common in East Asian populations, but rare in Europeans (21) .
Bipolar affective disorder is a severe psychiatric disorder characterized by prominent mood swings ranging from mania to depression. There are reports of linkage of bipolar disorder to chromosome 18 (22) (23) (24) (25) . In addition, evidence for anticipation in bipolar disorder has been reported (26, 27) . Therefore, in searching for candidate genes for bipolar disorder we sought to identify CTG repeats on chromosome 18. We report the isolation of a 1.6 kb clone (termed 7,6A) located on 18q21.1 that consists of exonic and intronic portions of human SEF2-1, a gene encoding a transcriptional factor protein (35) . Clone 7,6A contains an intronic CTG 24 repeat (termed CTG18.1) that is highly polymorphic in both bipolar and control subjects with an observed heterozygosity of 84%. The CTG18.1 locus can contain long restriction fragments, consistent with expansions of up to CTG 2100 , but is not associated with an obvious abnormal phenotype.
A CAG 15 probe was used to isolate genomic clones containing polymorphic CTG repeats in a human chromosome 18 library. The double stranded 1570 bp sequence of 7,6A is shown in Figure  1A (Accession U75701). Figure 1B highlights the CTG 24 repeat that is 114 bp from the beginning of the clone and is flanked by a stable CTC 13 repeat. A BLASTN search of the dBest and non-redundant (nr) databases of GenBank revealed the 73 bp match with human SEF2-1 cDNA (Fig. 1B) . The 73 bp region of 7,6A (base pairs 988-1061) shares 100% identity with the 271-344 bp region of human SEF2-1 cDNA and is located 803 bp from the CTG 24 repeat.
Analysis of the mouse SEF2-1 gene has shown that the 73 bp sequence of the human SEF2-1 cDNA (bp 271-344) found in 7,6A is 95% identical to exon 4 of the mouse SEF2-1 gene (Corneliussen et al., unpublished data) . To further compare the 7,6A sequence and the mouse SEF2-1 gene, also denoted as E2-2 (28), we determined the nucleotide sequence of the mouse intron 3. The 988 bp sequence 5′ to the shared identity with exon 4 showed 77% sequence identity to corresponding intron 3 sequences of the mouse SEF2-1 gene. The two introns differ at three repeated sequences (Fig. 1B) . The GA repeat of 7,6A (bp 433-479) was much longer in the mouse gene, and the CTC 13 of 7,6A (bp 186-224) was absent in the mouse gene. The CTG 24 repeat (bp 114-185) was much shorter in the mouse intron and was interrupted by nucleotide substitutions, deletions and additions. Nevertheless, 40 of 54 nucleotides at the corresponding position of the mouse gene were homologous to the human CTG repeat. BLASTN and BLASTX searches of Genbank indicated no identity with any other known proteins or transcripts.
Expression analyses using clone 7,6A sequence flanking the CTG 24 /CTC 13 repeat were negative. RT-PCR and Northern analyses were performed on total RNA from human adult and fetal whole brain, frontal cortex, amygdala, liver and poly(A) + mRNA. Two sets of sense and anti-sense 45mer oligonucleotide probes (bp 69-113 and bp 474-518) directly flanking the CTG 24 /CTC 13 repeat were used for the Northern analyses. RT-PCR using primers 1a and 1b (Fig. 1B) was performed on cDNA made from all the RNA species listed above. There were no bands detected with either the sense or anti-sense probes on Northern blots, and the RT-PCR was consistently negative (data not shown).
Genetic analyses
Clone 7,6A was localized to chromosome 18q21.1. PCR spanning the CTG n /CTC n repeat (locus CTG18.1) was performed with primers 1a: AATCCAAACCGCCTTCCAAGT and 1b: CCAAA-ACTTCCGAAAGCCATTTCT (Fig. 1B) to give a 190 bp product when containing a CTG 24 /CTC 13 repeat. The allele lengths were highly polymorphic, with an observed heterozygosity of 84% in 56 unrelated individuals from 15 Centre d'Etude du Polymorphisme Humain (CEPH) pedigrees. The CTG18.1 locus of clone 7,6A was mapped in 48 families ascertained for bipolar disorder by two-point linkage analysis using LINKAGE (29) near marker D18S69 (LOD= 22.9, θ = 0.025). Physical mapping of 7,6A using radiation hybrid panels (Genebridge 4 panel, Research Genetics) confirmed this location, placing 7,6A 37.4 cR (∼10 mb) centromeric from D18S69 and 7.69 cR (∼2 mb) telomeric from WI-6206, corresponding to cytogenetic location 18q21.1 (Fig. 2) . Using the RED technique, Schalling et al. (30) , reported an enlarged CAG/CTG repeat termed RED1 that mapped by linkage to 18q in three CEPH pedigrees: 1334, 1420 and 1344. CTG18.1 was amplified by PCR in these three CEPH pedigrees. CEPH 1334 pedigree showed stable, Mendelian inheritance of the four parental alleles in the range of CTG 11 to CTG 29 with no evidence of enlarged alleles (Fig. 3) . In CEPH pedigrees 1420 and 1344 (data not shown), there were enlarged (>CTG 86 ) alleles inherited in a Mendelian manner. This illustrates that the RED technique may identify multiple loci in that CTG18.1 is likely to account for the RED1 findings in CEPH 1344 and 1420, but does not define the expanded repeat locus detected by RED in CEPH 1334.
Bipolar disorder and CTG18.1
Forty-eight bipolar disorder families were analyzed at the CTG18.1 locus. These families were ascertained for one treated bipolar I patient and at least two affected first degree relatives (31) . Diagnoses were made according to the Research Diagnostic Criteria (32) using the SADS-L interview instrument (33) . A subset of these families show linkage to chromosome 18q21 (24) . There was no evidence for linkage between CTG18.1 and bipolar disorder. Sib-pair analysis revealed a weighted proportion of 35.8 sharing to 38.5 not sharing sib-pairs (χ 2 = -0.7, p = 0.64). However, in six families there was evidence of moderately enlarged (>CTG 86 ) alleles at the CTG18.1 locus. The presence of moderately enlarged alleles was confirmed by using a CAG 15 radiolabeled oligonucleotide to probe Southern blots of CTG18.1 PCR products subjected to 6% PAGE. Allele sizes detected via PCR at the CTG18.1 locus ranged between CTG 10 and ∼CTG 250 . (Fig. 1B) . The numbers on the vertical axis represent the number of CTG repeats per allele. This figure shows both the polymorphic nature of clone 7,6A at the CTG18.1 locus and that it is not RED1 due to a lack of expanded CTG repeats previously reported in this pedigree (30) . L = sequamark size ladder.
Alleles between CTG 10 and CTG 37 were inherited with no change in size from parent to offspring in 261 of 262 cases, while larger alleles were inherited with size variation between generations in all 18 cases in which moderately enlarged alleles were transmitted. There is random segregation of enlarged alleles with bipolar disorder. This is demonstrated in Figure 4 where three families are shown. Pedigree JHU-132 represents the majority (42 of 48) pedigrees wherein only stable size (CTG 10 to CTG 37 ) alleles segregate from parents to offspring. Pedigrees JHU-118 and JHU-217 show inheritance of the larger and unstable alleles independent of the bipolar phenotype.
To verify that moderately enlarged alleles resulted from expanded CTG repeats, we performed PCR across the CTG18.1 locus in four individuals, then subcloned and sequenced the enlarged alleles from excised agarose gel fragments. Sequence data from one individual (JHU 117-001) homozygous for enlarged alleles revealed one enlarged allele with 93 CTG repeats flanked by a CTC13 repeat (sequence data not shown, Southern blot of individuals homozygous for enlarged alleles shown in Fig. 6 ). In all four individuals, the CTC 13 repeat at the CTG18.1 locus remained stable.
Allele frequencies of CTG18.1
Allele frequencies were compared among the bipolar and CEPH pedigrees. There were 96 unrelated individuals from the 48 bipolar disorder families and 56 unaffected individuals from the CEPH pedigrees. There was no significant difference between the distribution of enlarged alleles in affected and unaffected individuals from the bipolar disorder pedigrees (Fig. 5) 48 was not transmitted) and it was unstable in two of six transmissions. There was no difference in overall allele frequencies between CEPH reference pedigrees and our pedigrees ascertained for bipolar disorder. In addition, the frequency of moderately expanded alleles (CTG 53 -CTG 250 ) was not statistically significant between CEPH and JHU bipolar disorder pedigrees (2.7 and 3.6%, respectively). The observed heterozygosity (84%) at the CTG18.1 locus was the same in both populations.
Southern blots of genomic digests
A very large (∼3.3 kb) polymorphic CTG n RED expansion was reported in one affected individual from a Danish schizophrenia pedigree and mapped by FISH to chromosome 18 (34; Sirugo et al., submitted). This locus was subsequently found to be CTG18.1 via hybridization of a random labeled 1.3 kb fragment (bp 249-1546 of 7,6A) that did not include the CTG 24 repeat region of 7,6A to Southern blots of genomic digests used by Sirugo et al. (unpublished data) . Based on data indicating the CTG18.1 locus of 7,6A was greatly expanded in this individual, we performed Southern blots of genomic DNA from 31 individuals from pedigrees with moderately expanded alleles that had been detected via PCR, and found very enlarged alleles in three of these individuals from our bipolar pedigrees. These very large CTG18.1 alleles were not visible on PCR gels, and could only be detected by Southern blot analysis of genomic digests. Attempts to subclone the very enlarged alleles have been unsuccessful; thus, it is not possible to state with certainty that they result entirely from CTG expansions. However, the unstable, vertical transmission of very enlarged alleles is consistent with CTG repeat expansions at this locus.
Southern blots of genomic digests from JHU bipolar pedigrees 117 and 118 are shown in Figure 6 . The very large alleles ranged from ∼4 to 8 kb, corresponding to putative CTG repeat lengths of CTG 800 -CTG 2100 segregated independently of the bipolar phenotype. There was no DNA available from the grandfather for performing a restriction digest and the digest for the grandmother (117-007) was incomplete. Individuals 117-002 and 117-001 were homozygous for moderately expanded alleles (∼1.9 kb), which were transmitted to all four offspring of 117-001 in lanes 013, 014, 015 and 016. In addition, 117-001 has a very enlarged allele (∼6 kb), corresponding to a putative allele of ∼CTG 1500 that was not transmitted to his offspring. The genomic digest in JHU BP 118 confirms the stable and moderately large, unstable allele data obtained from southern blots of the CTG18.1 PCR products described in Figure 4 . The genomic digest also revealed very enlarged alleles (∼4-8 kb) that were transmitted from grandfather (118-008) to son (118-005). Considerable mosaicism of enlarged alleles is seen in 117-002, 117-003, 117-013 and 118-005 (Fig. 6) . 3 and 4) . Lanes 'L' and 'C' are the sequamark ladder and 7,6A clone, respectively. *Note: The size of alleles >CTG 86 may not all be exact due to limited resolution of the size ladder above 350 bp. **Note: the bands in JHU pedigree 217, lane 6 are visible at a higher light/dark setting on this phosphoimage (see 'blowup' image), but are not as visible at the current resolution. (These alleles were reproduced on several other gels). This image is from a Southern blot of cold CTG18.1 PCR products loaded onto a 6% acrylamide gel, transferred onto Genescreen+ nylon paper (NEN, Dupont) and probed with a CAG 15 oligonucleotide radiolabeled with [γ-32 P]ATP.
DISCUSSION
The CTG18.1 locus of clone 7,6A is the second very large expanded CTG repeat (after the myotonic dystrophy repeat) to be identified and the first very large CTG repeat without an obvious abnormal phenotype. The CTG18.1 repeat is located 803 bp 5′ from a 73 bp region of clone 7,6A that shares 100% identity with bp 271-344 of the human SEF2-1 cDNA. The SEF2-1 gene encodes a protein belonging to a family of basic helix-loop-helix (b-HLH) transcriptional activator nuclear proteins (35) . These proteins enhance transcription by recognizing and binding to promoters containing the E box motif CANNTG (35) (36) (37) (38) . The SEF2-1 gene has homologues in dog and mouse, and is expressed in a wide variety of tissue including muscle, brain, hematopoietic cells and liver (37) .
SEF2-1 (E2-2), together with E2A (E12/E47) and HEB, belong to the E protein class of bHLH proteins. Most tissue-specific bHLH proteins that control various differentiation events bind preferentially to DNA as heterodimers with an E protein. The E proteins show a large functional overlap, but mice with a null mutation of any one of these genes show postnatal lethality and defective B lymphocyte development (39) . Analysis of the mouse SEF2-1 gene has shown that it contains 22 exons and many of the introns are >10 kb long (Corneliussen et al., unpublished data) .
Instability is a hallmark of trinucleotide repeat mutations and is characterized by an expansion or contraction in the number of repeats at a particular locus during vertical transmission from one generation to the next (2, 3) . While the mechanisms of triplet repeat instability remain unclear, possible contributions include polymerase slippage, DNA secondary structure, chromatin structure and triplex DNA formations (2, 45, 46) . There are cases, however, when triplet repeat expansion is not associated with disease. For example, loci have been described (such as in FRAXF and FRA16) with polymorphic CGG n sequences that cytogenetically demonstrate fragile sites but are not associated with a clinical phenotype (47, 48) . Several hypotheses can be generated to explain why the CTG18.1 expansion mutation is tolerated in the pedigrees we characterized. It is possible that the intronically located CTG18.1 expansion mutation may not interfere with intron/exon splice junctions, and therefore may not have any effect on SEF2-1 expression or function. Alternatively, the expansion mutation may be responsible for one of the functional splice variant forms of SEF2-1 already known to exist. Lastly, there may be an as yet undiscovered phenotype for this mutation.
In clone 7,6A there is a stable CTC 13 motif flanking the CTG 24 repeat. Similar small repeat motifs flanking unstable CAG glutamine encoding repeats have been found in the HD and DRPLA genes and encode proline and proline-serine repeats, respectively (2) . The significance of the intronically located CTC 13 motif of clone 7,6A, if any, remains to be determined. Determination of the nucleotide sequence of intron 3 of the mouse SEF2-1 gene showed that the CTG 24 repeat was much shorter in the mouse intron; however, the fact that a CTG repeat exists in the mouse indicates that the presence of the CTG rich region in this gene is old evolutionarily, despite the high polymorphism of the human CTG repeat.
The CTG 24 repeat (locus CTG18.1) found in clone 7,6A is highly polymorphic and has moderately enlarged, unstable alleles in ∼3% of the CEPH and bipolar populations we studied. Our data show a wide CTG18.1 allelic distribution ranging from stable alleles (CTG 10 -CTG 37 ), moderately large and unstable alleles (CTG 53 -CTG 250 ), to very enlarged alleles (CTG 800 -CTG 2100 ). Preliminary data suggest that CTG18.1 identifies one of the multiple polymorphic CTG n loci that are identified by RED. Two of three CEPH pedigrees initially described with enlarged RED products (30) show moderately enlarged CTG18.1 alleles, while the third one does not. The high frequency of moderately enlarged alleles in the population suggests that CTG18.1 may account for a significant number of enlarged CTG repeat loci previously identified by RED. There are no data in our bipolar families to suggest that CTG18.1 is responsible for a phenotype, nor is there linkage between bipolar disorder and CTG18.1. Enlarged CTG18.1 alleles segregate independently of the bipolar disorder phenotype and the individuals with enlarged alleles are in good physical health according to medical history.
Southern blot analysis of CTG18.1 PCR products and genomic digests of DNA derived from lymphoblastoid cell lines and from whole blood lymphocytes revealed diffuse or multiple bands in many of the moderately large and very large polymorphic CTG18.1 alleles-an observation consistent with somatic mosaicism. Somatic mosaicism is characterized by variable repeat lengths between different tissues or between distinct cells of the same tissue and both germline and somatic instability have been proposed as mechanisms of intergenerational triplet repeat length variability (40) . Two cases of mosaicism were observed out of 262 individuals having the stable CTG repeat (CTG 10 -CTG 37 ) alleles (data not shown). In one family, the mother had three alleles (CTG 24 , CTG 34 , CTG 35 ), but only transmitted the CTG 34 allele to her daughter. In the other pedigree, mosaicism was found in monozygotic twins. Twin one had three alleles (CTG 15 , CTG 16 , CTG 17 ) while twin two had two alleles CTG 15 and CTG 17 . Both results were found repeatedly with no evidence of DNA sample contamination. Sperm has not yet been examined in the male pedigree members with enlarged alleles in the populations we studied; however, such analyses would help determine the contribution of meiotic instability at this locus.
Meiotic instability has been characterized in HD and in myotonic dystrophy as evidenced by variable number of repeat lengths among sperm cells of HD and myotonic dystrophy patients (41, 42) . Takano et al. (43) found tissue-specific differences in CAG repeat lengths when comparing somatic mosaicism of polymorphic CAG n expansions in neuronal and non-neuronal tissues of patients with DRPLA and MJD. In myotonic dystrophy, polymorphic CTG n expansions found in leukocytes were often not predictive of expansions in other tissues (46) . We currently have data only on DNA isolated from lymphoblastoid cell lines Figure 6 . Very enlarged CTG18.1 alleles in bipolar pedigrees. Southern blot of genomic digests probed with a random labeled 1.3 kb 7,6A fragment excluding the CTG18.1 locus. Stable alleles (∼1.6 kb), moderately enlarged alleles (∼1.9 kb), and very enlarged alleles (∼4-8 kb), correspond in these pedigrees to putative CTG n of CTG [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , CTG 87-250 , and CTG 800-2100 , respectively. This blot reveals a very enlarged allele in 117-001 that is not transmitted, plus a very enlarged allele that is transmitted from grandfather (118-008) to son (118-005). These very enlarged alleles were not detected in PCR based assays. Both 117-002 and 117-001 are homozygous for moderately expanded alleles (∼1.9 kb) and 117-001 transmits this allele to all four offspring in lanes 013, 014, 015, and 016. The restriction digest in the grandmother (117-007) was incomplete, and there was no DNA available from the grandfather. Mosaicism of enlarged alleles is seen in 117-002, 117-003, 117-013, and 118-005. and lymphocytes derived from whole blood; therefore, it is not known if the CTG18.1 locus is expanded in other tissues.
CTG18.1 is the first reported polymorphic CTG repeat locus to show significant enlargement across generations without an obvious abnormal phenotype. Although preliminary data suggest the intronically located CTG 24 repeat of 7,6A is capable of expanding up to CTG 800 -CTG 2100 , it is not yet known if this expansion causes a phenotype or to what effect, if any, these very large expansions have on SEF2-1 function and expression. Should a phenotype become associated with expansions of the polymorphic CTG 24 at the CTG18.1 locus, it is unlikely to be severe given the degree of expansion found in individuals with and without the bipolar phenotype who are otherwise in good physical health.
In conclusion, the locus identified by CTG18.1 represents an unstable polymorphic CTG repeat that maps to chromosome 18q21.1 and is located within an intron of the SEF2-1 gene. The frequency of the moderately enlarged CTG n allele is ∼3% in populations of northern European ancestry. It is not linked to bipolar disorder, nor are the enlarged alleles associated with illness. Further study of CTG18.1 has the potential to improve our understanding of how trinucleotide repeats influence neighboring genes and may ultimately provide clues as to the mechanisms by which they enlarge.
MATERIALS AND METHODS

Cloning
A human genomic library from a male skin fibroblast HSF7 cell line specific for chromosome 18 was procured from American Type Culture Collection (ATCC 57742). The library, housed in the phage vector Charon 21A with an EcoRI restriction site, contained ∼85% chromosome 18 fragments, with an average insert size of 4 kb. The library was probed with a CAG 15 oligonucleotide end labeled by T4 kinase with [γ-32 P]ATP. Once the 7,6A 1.6 kb insert was identified it was amplified via PCR using primers flanking the Charon 21A EcoRI restriction site (49) . A total of 50-100 ng of the Charon 21A clone 7,6A was amplified in a 25 µl reaction with a final concentration of 1.5 mM MgCl 2 , 520 µM dNTPs, 0.8 µM of each primer, and 1 U Taq polymerase (Boehringer Mannheim). The cycling conditions were as follows: a 3 min denaturation at 95_C, followed by 35 cycles of 95_C denaturation for 1 min, 50_C annealing for 1 min, and a 72_C extension for 9 min. The 7,6A insert was subcloned into the T/A cloning PCRII vector (Invitrogen) and subsequently sequenced at the Johns Hopkins Genetics CORE Facility.
PCR conditions and Southern blotting
PCR spanning the CTG18.1 locus of 7,6A (Fig. 1B, primers 1a and 1b) was carried out in 25 µl reaction volume with 80 ng genomic DNA, 0.8 mM MgCl 2 , 200 µM dNTPs, 1.2 µM of each primer, with one primer labeled with [γ-32 P]ATP, and 1.0 U Taq polymerase (Boehringer Mannheim). To better detect enlarged (>CTG 86 ) alleles not readily visible after labeled PCR products were subjected to 6% PAGE, unlabeled PCR products were subjected to 6% PAGE, transferred by capillary action overnight onto Genescreen Plus nylon filter paper (NEN DuPont) and probed with a CAG 15 oligonucleotide radiolabeled with [γ-32 P]ATP. Probe hybridization was carried out in Rapid Hyb Buffer (Amersham) at 56_C, washed initially in 2× SSC/0.05% SDS at room temperature and 56_C, then washed in 0.2× SSC/0.05% SDS at 65_C.
Expression analysis
To determine if 7,6A was in a coding region of 18q.21, we employed standard Northern analysis, RT-PCR, standard open reading frame (ORF) analysis, and BLAST and Grail searches of GenBank. Northern analysis was carried out on total RNA isolated from human amygdala, frontal cortex, and liver as well as commercially purchased (Clontech) total and Poly(A) + mRNA isolated from adult and fetal whole brains. Approximately 20 µg of total RNA [and 2.5 µg of Poly(A) + mRNA] was electrophoretically separated on a 1% formaldehyde gel, blotted onto Genescreen Plus nylon filter paper (NEN DuPont), and probed with sense and anti-sense 45mer oligonucleotides (bp 69-113 and bp 474-518) flanking the CTG 24 repeat of 7,6A. Northern blots were hybridized at 48_C, washed in 2× SSC/0.05% SDS at room temperature, 42_C, and then washed in 0.2× SSC/0.05% SDS at 56_C. RT-PCR was performed on cDNA derived from whole brain, frontal cortex, amygdala, and liver total RNA with a combination of oligo-dt and random hexamer priming to generate the cDNA (Gibco-BRL). Comparison with the mouse SEF2-1 gene was performed with the GCG program GAP.
Detection of very enlarged alleles
Restriction digests of genomic DNA from JHU bipolar disorder pedigrees were performed in 70 µl reaction volumes with 15 µg of genomic DNA and 40 U EcoRI (Gibco-BRL) incubated at 37_C overnight. Genomic digests were electrophoretically separated on 1% agarose gels, transferred onto Genescreen Plus nylon filter paper (NEN DuPont), and probed with a random labeled [α-32 P]dCTP 1.3 kb fragment of 7,6A (bp 249-1546) that did not include the polymorphic CTG 24 repeat (Fig. 1B) . Probe hybridization was carried out in Rapid Hyb Buffer (Amersham) at 60_C, washed initially in 2× SSC/0.05% SDS at room temperature and 60_C, then washed in 0.2× SSC/0.05% SDS at 60_C.
